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Abstract 
Land use, land use change, and forestry issue has become attractive issue. This issue associates with a trade-off between economic 
development and environmental quality. Dynamics of land allocation for different land uses at regional level in Indonesia is a 
multi-dimensional problem, as it is influenced by socio-economic and policy factors of land use change. Land use and land-use 
change have a significant impact on economic growth and quality of environment. It is therefore a challenge to develop an 
appropriate model that can address these complexities. This paper tries to develop econometric model to study land allocation 
behavior. The model is considering the profit-maximization behavior in modeling the process of land use change. This model uses 
spatial land cover data at provincial level from 2000 to 2013 and socio-economic variables that collected from various sources. 
This paper briefly examine land allocation behavior for forest, plantation and food crop and mine land  as function of some socio-
economic factors. The result shows that there is a competition between land-use due to land use price volatility. Other economic 
factor such as wage and interest rate tend to have no significant influence on land allocation behavior. In addition population also 
has a significant influence to land allocation behavior except to plantation allocation behavior. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Land Use, land use change, and forestry issue has become attractive issue. This issue associates with a trade-off 
between economic development and environmental quality. One of land use change is deforestation. Deforestation is 
defined as permanent conversion of forest to other land use. Performance of deforestation cannot be separated from 
dynamic of other land use. It is related to its economic benefit. Many literatures consider the net benefits of those 
alternative land covers. In the tropics, forests are most often converted to agricultural land, including annual crops, 
perennial plantations, and pasture.  
Tropical forest in Indonesia is rich with biodiversity and environmental services such as provision water and carbon 
stock. In the last three decades, tropical forest in Indonesia has tended to decrease (Fig. 1). On the other hand, other 
land uses has lead to increase. Not only forest products such as timber, rattan, honey, and medicine but also providing 
land capability that suitable for plantation, and food crops. Tropical forest land delivers highly suitable for investment 
outside the forest sector, such as agriculture, plantation, mining and settlement [1]. This situation lead to land use 
competition. 
 
 
 
 
 
 
Fig. 1. Land cover change over time in six groups of islands. 
Land allocation determines performance of economic development and quality of environment. A framework 
analysis undertaken is presented in Fig. 2. The Figures depicts how land use competition could be affected by land 
value, commodity market, trade and macroeconomic policies. Performance of economic development and other 
macroeconomic changes will affect the decision making process of economic actors (agriculture, mining, plantations, 
settlements, and forest entrepreneurs) in determining its business expansion.  
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Figure 2.  Framework of analysis 
 
Economic incentive to do the opening or maintaining forests will affect land use dynamic. The functional 
relationship between economic factors and land use/land cover will be identified. Thus, the target land-based economic 
growth in the future can be projected. Land use and land use change are thought to be affected by processes that occur 
both at national and international levels. More roads, higher agricultural prices, lower wages, and a shortage of off-
farm employment generally lead to more deforestation [2]. 
There is trade-off in the utilization of forest resources, between economic development and the environment 
interests. When forest is used for mitigation of climate change, the potential economic benefits of agriculture, 
plantation, mining and others is reduced even lossed. Land use at regional level is complex. This dynamic is affected 
by various social, economic, demography, technology, culture and politic [3]. A Forest resource is the main capital of 
Indonesia's development. In practice the utilization of forest resources in Indonesia is not evenly distributed 
throughout Indonesia, depending on the rate of forest utilization of local government. It makes forest cover remaining 
varies from one island to others. Each island has different characteristics depending on the forest resource 
potential/existing natural and technological utilization of these natural resources. This is indicated by the difference 
in the percentage of forest cover and deforestation rates, as presented in Fig. 3. 
The remaining forest cover in Java Island is low.  Forest cover in  Java Island is low due to high conversion rate of 
forest for other land uses as a consequence of economic development. However the rate of deforestatsion tends to 
decrease. Forest cover in Sumatra Island is decreasing and deforestation rates are still high. Economic development 
taking place on the island of Sumatra is also high, as a result of easy access. In Java and Sumatra population density 
is already high. Kalimantan and Papua Island still has a fairly extensive forest resources. The rate of deforestation in 
Borneo Island is higher than in Papua. Population density in the region is still low, in addition to the condition of the 
infrastructure is still relatively limited compared to Java and Sumatra [4]. Based on short explanation above, this paper 
intend to analyse the land use allocation behavior in Indonesia with using econometric model. 
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Figure 3. Distribution of forest cover and deforestation rate 
2. Methods 
2.1 Profit-maximizing producer 
To analyse the behavior of land allocation in Indonesia, it will be used profit maximisation theory. It is assumed 
that the producer will maximize profits at the level of technology and market constraints. Decision manufacturers pass 
their production activities depend on the prices of inputs and outputs. The producer owns land with a certain area 
(total land as fixed) and can be allocated. The possession of the land which a producer can produce a number of 
outputs. As for the other inputs such as capital and labor are variables [5].  
 
ߨ௛௧ሺ݌௧ǡ ݓ௧ǡ ܮ௛௧ሻ ؠ ௟೓೔೟
෍ߨ௛௜௧ሺ݌௜௧ǡ ݓ௧ǡ ݈௛௜௧ሻ
௜
݄ ൌ ͳǥܪǢ ݅ ൌ ͳǥ ܫǢ ݐ ൌ ͳǥܶ 
Subject to  
 
෍݈௛௜௧
௜
ൌ ܮ௛௧ 
 
Where,  
ߨ௛௧ሺ݌௧ǡ ݓ௧ǡ ܮ௛௧ሻ  :  profit funsction for producer h period t  
ߨ௛௜௧ሺ݌௜௧ǡ ݓ௜௧ǡ ݈௛௜௧ሻ :  profit function for producer h, land use i and period t 
݌௧ :  vector of output prices priod t  
݌௜௧ :  output price land use i period t  
ݓ௧ :  vector of input prices period t  
ܮ௛௧ :  total area for producer h period t  
݈௛௜௧ :  area allocated by producer h, land use i period t 
 
Producers h, in this case is identical to the regional, it must decide how to allocate ܮ௛௧ hectare for various land uses 
(݈௛௜௧) to maximize total profits [6]. Output prices, ݌௜௧, vary for various land uses h period t, while ݓ௧ is a collection of 
input price equal value for a variety of land use in period t. The decision for the allocation of land for various land 
(1) 
(2) 
Remark: 
L  = Low  
H = High 
F =  Forest Cover  
D = Deforestation rate 
HF/ 
HD LF/HD 
LF/LD 
HF/LD 
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uses, the producers will maximize profit per hectare for each land use in the region . Profit function for each producer 
is defined as: 
 
ߨ௛௧ሺ݌௧ǡ ݓ௧ǡ ܮ௛௧ሻ ؠ ௟೓೔೟
෍ሺ݌௜௧Ǥ ݈௛௜௧ െ ݓ௜௧Ǥ ݈௛௜௧ሻ
௜
 
෍݈௛௜௧
௜
ൌ ܮ௛௧ 
 
Properties of the procit function are: 
x Homogenous and positive linear ( ( p t , wt ) 
x Increasing  in p and L 
x Decreasing in wt 
x Convex and continue 
Lagrangian function for the profit function with land constrain is as follow: 
ࣦ௛௧௡ ൌ෍ߨ௛௜௧ሺ݌௜௧ǡ ݓ௧ǡ ݈௛௜௧ሻ
௜
൅ ߣ௛௧ ൭ܮ௛௧ െ෍݈௛௜௧
௜
൱ 
Where ߣ௛௧ is shadow price of lnd constrin. First order condition of the Lagrangian function is: 
 
߲ࣦ௛௧௡
߲݈௛௜௧
ൌ
߲ߨ௛௜௧
߲݈௛௜௧
െ ߣ௛௧ ൌ Ͳ 
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To maximize these benefits, each hectare of land allocated will be equal to the marginal benefit. By finishing the 
equations above, it will produce land allocation for optimal multi output as follows: 
݈௛௜௧గ ൌ ݈௛௜௧כ ሺ݌௜௧ǡ ݓ௧ǡ ܮ௛௧ሻ 
 
It is assumed that the above equation is homogeneous degree 1 in ܮ௛௧, the equation becomes : 
݈௛௜௧గ ൌ ݈௛௜௧כ ሺ݌௜௧ǡ ݓ௧ǡ ͳሻܮ௛௧ 
 
Which means that if the total land Lht decrease by q times, the land area allocated land use i also will decrease by q 
times. Thus the share function for the producers is as follows: 
݊௛௜௧గ
௛ܰ௧
ൌ ܵ௛௜௧כ ൌ ܵ௛௜௧ሺ݌௜ǡ ݓ௧ǡ ܮ௛௧ሻ 
 
Thus the share function of land use is a function of all output and input prices. 
2.2.  Empirical model  
Based on theoritical framework, forest cover changes are largely determined by the national development goals to 
be achieved, which is generally the goal of development is to increase economic growth and improve social welfare. 
However, land is the main capital of the economic development. In practice in land use there is a conflict of interest 
between economic growth and environmental interests. If greater attention to economic interests, the impact on the 
degradation of environmental quality. Meanwhile if the attention is more focused on the interests of the environment, 
economic growth will slow. Thus the necessary efforts so that the allocation of land use can adjust both these interests 
are balanced.  
(4) 
(3) 
(5) 
(9) 
(8) 
(7) 
(10) 
(6) 
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In addition there are other factors that also determine the pattern of land use is that economic and social factors, 
where community involvement in the development process that will determine the direction of change in land cover. 
Furthermore, changes in the allocation of land use is influenced by many factors such as output price, input prices 
(interest rate and wage)  and income, social factors such as population density as well as other factors. Therefore in 
this section, it is developed an econometric model to see the pattern of land cover competition as a result of the social 
and economic factors. 
To explain the competition of land use , the developed model is a model of simultaneous equations by adopting the 
specification of the model developed by [5]. Block system of equations developed land use competition consists of 
four equations that describe the five types of land use, namely forest, plantation, food crops, mining and others. 
Operationally, the dynamics of land use will be determined by the value of land use (expected commodity price), input 
prices (interest rate and wage) and fixed inputs (population density and government expenditure).  
Therefore any decision to use the land cannot be separated from each other. The decision to increase the area of 
land use will have an effect on other land use decisions. To capture the phenomenon, some restrictions (homogeneity 
and symmetric) are imposed into the model [7]. The model specification is as follow: 
 
௙ܵ ൌ ܣ௙଴ ൅ ܤ௙௙ܲܨ൅ܤ௙௣ܲܲ ൅ ܤ௙௖ܲܥ ൅ ܤ௙௠ܲܯ ൅ ܤ௙௢ܱܲ ൅ ܤ௙௪ܹ ൅ ܤ௙௥ܴ ൅ ܤ௙௚ܩ ൅ ܤ௙ௗܦ ൅ ߝ௙             (11) 
ܵ௣ ൌ ܣ௣଴ ൅ ܤ௣௙ܲܨ൅ܤ௣௣ܲܲ ൅ ܤ௣௖ܲܥ ൅ ܤ௣௠ܲܯ ൅ ܤ௣௢ܱܲ ൅ ܤ௣௪ܹ ൅ ܤ௣௥ܴ ൅ ܤ௣௚ܩ ൅ ܤ௣ௗܦ ൅ ߝ௣             (12) 
ܵ௖ ൌ ܣ௖଴ ൅ ܤ௖௙ܲܨ൅ܤ௖௣ܲܲ ൅ ܤ௖௖ܲܥ ൅ ܤ௖௠ܲܯ ൅ ܤ௖௢ܱܲ ൅ ܤ௖௪ܹ ൅ ܤ௖௥ܴ ൅ ܤ௖௚ܩ ൅ ܤ௖ௗܦ ൅ ߝ௖             (13) 
ܵ௠ ൌ ܣ௠଴ ൅ ܤ௠௙ܲܨ൅ܤ௠௣ܲܲ ൅ ܤ௠௖ܲܥ ൅ ܤ௠௠ܲܯ ൅ ܤ௠௢ܱܲ ൅ ܤ௠௪ܹ ൅ ܤ௠௥ܴ ൅ ܤ௠௚ܩ              (14) 
൅ܤ௠ௗܦ ൅ ߝ௠ 
 
with restrictions: 
 
σ ܣ௜ூ௜ ൌ ͳ;  σ ܤ௜௝
௃
௝ ൌ Ͳ;   ܤ௜௝ ൌ ܤ௝௜ 
 
Where, Si is share of land allocation (%), I, J is {f, p , c, m}, f is forest land allocated, p is plantation land allocated, c 
is food crop land allocated, m is mining land allocated, PF is price of forest land (Rp/ha), PP is price of plantation 
land (Rp/ha), PC is price of food crop land (Rp/ha), PM is price of mine land (Rp/ha), PO is price of other land (Rp/ha), 
W is wage (Rp/month), R is interest rate (%), G is government expenditure (billion Rp/year), D is population (000 
persons), ܭ is error term.  
 
The share equations are estimated simultaneously.  
2.3. Data  
This paper utilises secondary data from various sources. In this paper land use allocation is appraoched by land 
cover data at provincial level that provided by Ministry of Environment and Forestry from 2000 to 2013. The economic 
and population data are from Central Berau Statistics and Bank of Indonesia. This research use panel data structure. 
2.4. Data analysis 
Stages of analysis used in this study are presented in Fig. 4. The first step to do is to collect statistical data related 
to socio-economic and policies. To see how the dynamics of changes in land cover, this paper uses land cover data as 
a result of GIS analysis. 
The next stage is to build a socio-economic model of land cover, which begins with step model specification , 
which is then carried estimation phase. Estimation methods used are very dependent on the developed model. Because 
it is a system of equations, the model is estimated with using Seemingly Unrelated Regression (SUR) method. SUR 
is a widely used modeling approach introduced by Zellner for situations where several linear regression relationships 
are being investigated at the same time. The main characetrictic of SUR is that the realationship among equations 
(15) 
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cannot be see directly. However, this method can measure the effect of one explanatory variable in one equation on 
endogenous variable in other equations [8]. 
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Fig. 4.  Stages of analysis  
3. Results 
The dynamic of land use allocation is greatly influenced by market factors, social and income per capita. Estimation 
results for the model of land use allocation in the period 1990-2011 in the four provinces are presented in Table 1. In 
general, the estimated model gives good enough results that shown by the weighted coefficient of determination (R2 
weighted) as 43.04%. 
Tablel 1.  Estimation result for land use allocation behavior 
Variable Forest Plantation Food Crop Mining 
Intercept 0.4285 -0.5607 1.1180 0.0142 
Forest land price  0.0204* -0.0045** -0.0155* -0.0005* 
Plantation land price -0.0045** -0.0046** 0.0096* -0.0005* 
Food crop land price -0.0155* 0.0096* 0.0042 0.0017* 
Mine land price -0.0005* -0.0005* 0.0017* -0.0007* 
Other land price -0.0247*** -0.0038 0.0267** 0.0018* 
Wage 0.1254* 0.0656* -0.2454* 0.0029* 
Interest rate -0.0014 -0.0018 0.0019 -0.0001 
Governement expenditure 0.0072 0.0193* -0.0317* 0.0000 
Population -0.0917* 0.0009 0.1147* -0.0029* 
Time -0.0179* -0.0135 0.0387* -0.0004** 
System Weighted MSE            1.1830 
Degrees of freedom                  952 
System Weighted R-Square     0.4304 
Note: * significant at 1%; ** significant at 5%; *** significant at 10% 
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3.1. Forest cover allocation behavior 
Relationship causality between the explanatory variables and forest land allocated changes is as follows. Market 
dynamics are represented by the price fluctuation also determine the direction of changes in land cover. Economic 
return (price) of forest land has positive effect on forest land allocation. It means that if economic return of forest land 
increase, the forest land will increase. It indicates that if forest land price increased, it will encourage the expansion 
of forest cover. As the plantation commodity prices negatively affect real and at the level of 5%, so that if the plantation 
commodity price increases, the forest land will be reduced. The price of food crops and mine land provide a negative 
influence. This indicates that the rise in commodity prices will reduce the area of plantation forest cover. However 
other economic variables do not have significant influence. Number of population has a negative influence. It means 
that more population will decrease forest land due to infrastructure, settlement area, and food requirements. 
3.2. Plantation allocation behavior 
The economic return (price) of plantation land has negative influence on plantation land allocated. However the 
influence is not really high. This phenomenon related to distributional plantation land in Indonesia which is not even 
among provinces. This is thought to extensive development of plantations cover a relatively stable and efforts to 
increase farm production through improved farm technology. Thus the price fluctuation of agricultural commodity 
market does not have a significant influence. Besides it is also the policy conducted by the government that made 
plantation areas in the four provinces over intensification plantation thereby increasing the productivity of the 
plantation. Forest land price negatively influence to plantation allocation behavior and significant at 5%. If the forest 
land price increases, the plantations land allocated will decrease. 
Meanwhile, the price of agricultural crops positively effect on improvement of plantations cover at the level of 1%. 
Fluctuations in food prices was driven because of the dynamics of the supply of food crop production (rice) which is 
highly dependent on the season and the availability of productive land. In this case the increase in food prices that 
occurred more due to the reduced supply of food production. One of the causes of the decline in food production is 
the conversion of agricultural land to non-farm such as oil palm plantations. Thus this situation illustrates the increase 
in food prices which reflect the rate of conversion of agricultural land to plantations that is caused by a greater profit 
potential than the plantations. 
3.3.  Food crops land allocation behavior 
Food crop land allocation behavior is not significantly influenced by food crop land price. However the food crops 
land allocation behavior is significantly influenced by others land use price. It can be explained that food crops such 
as rice is staple food. The price of forest land negatively influence the food crops land. It is possible to be happened 
due to the conversion of farmland to forestry. While price of plantation and mining land have a positive influence, 
which means that if the price of the commodities increases, agricultural land will expand. Increased agricultural area 
affected population density. It is thought to be related to government policy with rice self-sufficiency program. Thus 
the increasing number of people will always be accompanied by the addition of agricultural land.  
3.4.  Mine land allocation behavior 
Mine land allocation behavior is significantly influenced by almost explanatory variables included in the model 
except interest rate and government expenditure. Mine land price has a negative influence. It means that if the price 
increases, the mine land will decrease. As well as forest and plantation land prices, if the two prices increases, the 
mine land will decrease.  Population has a negative influence and significant at 1% on mine land allocation behavior. 
If population increases, the mine land will decrease.  
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4. Conclusion 
Land allocation behavior can be explained with the assumption that producers will make decision rationally. The 
producers will maximize their profit. The profit-maximizing land-allocation behavior can be specified so that they are 
consistent with a multiple-output profit function. This permits land-allocation behavior and social-economic data to 
be incorporated into an econometric model that estimates a system of equations describing producer behavior.  This 
research helps to explain the effect of increased land use price and other economic and social variables on the decision 
of land allocation and how the completion between land use due to land use price volatility. Other economic factor 
such as wage and interest rate tend to have no significant influence on land allocation behavior. In addition population 
also has a significant influence to land allocation behavior except to plantation allocation behavior. 
From this paper, there is still a room to extend the analysis such as calculating the elasticities. Therefore we can 
relatively do comparative analysis which factors that have high elasticity. So, it can be developed policy scenarios in 
allocation of limited land. 
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